Abstract Soil and water quality determines the health of an aquatic ecosystem. Rajakhali Canal, a tributary of Karnaphuli River estuary, flowing through Chittagong City (the commercial capital of Bangladesh) receives a huge amount of domestic and industrial wastes and sewages. Monitoring the environmental status of Karnaphuli River and its tributaries is very important for their ecological and economical services provided to city areas. This study evaluated some environmental characteristics of water and soil in the Rajakhali Canal as it affected the environment, and ultimately the life and human beings of Chittagong City. The mean concentrations of physicochemical parameters were pH (8. In case of soil, the mean concentration of physicochemical parameters in dry and rainy seasons was represented respectively as follows: pH (6.8), OM (4.5 %), sand (71.7 %), silt (3.1 %), clay (25.2 %), organic nitrogen (45.4 ppm) and phosphorus (9.6 ppm); and pH (6.7), OM (4.5 %), sand (74.4 %), silt (2.4 %), clay (23.2 %), organic nitrogen (35.3 ppm) and phosphorus (7.6 ppm). The result revealed that water and soil quality of this canal became deteriorated and that the total environment of the water body became polluted due to the anthropogenic activities such as industrial, domestic and irrigation effluents. Statistical analyses also supported that water and soil parameters were strongly correlated (1-tailed 0.05 level and 0.01 level significant) with each other at all stations during all seasons. The result of this study will be useful for management and planning for water quality monitoring in this estuary. To protect this vital estuarine region, the government agencies, private agencies and scientists should work with proper attention.
Introduction
Water is the most vital element among the natural resources and is crucial for the survival of all living organisms including humans, for food production and economic development (Shiklomanov 1993; Pahl-Wostl et al. 2008) . Today, nearly 40 % of the world's food supply is grown under irrigation, and a wide variety of industrial processes depend on water (BCAS 2000) . Moreover, in Bangladesh, the environment, economic growth and developments are all highly influenced by the quality and quantity of surface and groundwater. The seasonal availability of surface and groundwater depends on the monsoon climate and topography of the country (Alam 2009 ). In terms of quality, the surface water of the country is vulnerable to pollution from untreated industrial effluents and municipal wastewater, runoff from chemical fertilizers and pesticides, and oil and lube spillage in the coastal area from the operation of sea and river ports (Hossain 2001 ). Water quality also depends on effluent types and discharge quantity from different type of industries, types of agrochemicals used in agriculture and seasonal water flow and dilution capability by the river system (DHV 1998) . Sewage may be defined as the products of municipal drainage system, containing domestic wastes with or without the addition of discharges from industry (including highly acid and alkaline wastes, oil greases, some heavy metals effluents, etc.) storm water and surface runoff (Grant et al. 2005) . Classes of sewage include sanitary, commercial, industrial, agricultural and surface runoff. The wastewater from residences and institutions, washing water, food preparation wastes, laundry wastes and other waste products of normal living are classed as domestic or sanitary sewage (Kennish 1996) . Liquid-carried wastes from stores and service establishments serving the immediate community, termed commercial wastes, are included in the sanitary or domestic sewage category if their characteristics are similar to household flows. Wastes that result from an industrial process or the production or manufacture of goods are classed as industrial wastewater (Kennish 1996) . Their flows and strengths are usually more varied, intense and concentrated than those of sanitary sewage. Surface runoff, also known as storm flow or overland flow, is that portion of precipitation that runs rapidly over the ground surface to a defined channel.
Precipitation absorbs gases and particulates from the atmosphere, dissolves and leaches materials from vegetation and soil, suspends matter from the land, washes spills and debris from urban streets and highways and carries all these pollutants as wastes in its flow to a collection point (Luo et al. 2008) . Under natural conditions, only when the concerning ecosystems are not balanced sewage causes various sorts of problems. Sewage contains a huge amount of phosphorus (P) and nitrogen (N) causing eutrophication and fatal consequents to the surrounding environment (Landolt and Kandeler 1987) .
The worldwide water and soil quality deterioration are primarily contributable to growing human populations and economic development, particularly elevating nutrients leading to eutrophication and pollution in the aquatic environment (Nriagu and Pacyna 1988; Peierls et al. 1998; Holloway et al. 1998; Li et al. 2009; Pekey et al. 2004 , Venkatramanan et al. 2013a , 2014a . The natural sources include volcanism, bedrock erosion, atmospheric transport and the release from plants (Khan et al. 1996; Pekey et al. 2004 ) and anthropogenic activities; particularly, mining and mineral processing have dominant influences of primary water and soil quality parameters.
There are rather few studies published in recent years on pollution sources in Karnaphuli River (Hossain 1992 (Hossain , 2001 . In this existing scenario, this research aims at determining the pollution sources of Rajakhali Canal, which is adversely impacted by industries together with landfill leachate and municipal sewage effluents. This study evaluates the seasonal variation, source and contamination levels of water and soil quality.
Materials and methods

Study area settings
Bangladesh extending from 20°30
0 to 26°N and 88°to 90°50 0 E, a small riverine country of 145,000 km 2 (Alam 1994) , lies in the north-east part of the South Asian subcontinent. The country is bounded by India in its north, east and west and for a small stretch in the southeast. It has a common border with Myanmar in the south-east and the Bay of Bengal is located in the south. The Ganges and the Brahmaputra Delta is situated at the apex of the Bay of Bengal. The country is crisscrossed by numerous large and small rivers. Most of the big rivers originate outside the country, i.e., India, Nepal and Myanmar. These rivers have a strong influence on the aquatic environment in varying degrees and time sequence, water quality, circulation, nature of bottom and the inhabitants of that environment (Banglapedia 2004) .
The Karnafully River Estuary is a strong tidal current type. The huge pollution load is reduced due to its dilution capacity (Mahmood et al. 1992) . The Karnafully River is the largest and most important river in Chittagong. The Rajakhali Canal (Fig. 1) is situated near the Karnafully Shah Amanat bridge and adjacent to the leather storage of the Chaktai area. It is in the east side of the Chaktai Canal. The mixing portion of this canal is very closely connected with the Chaktai Canal. The Rajakhali is the largest canal flowing through Chittagong Town and has a total length of about 5.57 km. It starts from Chawlk Bazar commercial area and falls into the Karnafully River estuary through Chawlk Bazar, Baddarhat, Rahattarpool, Kalamia Bazar, Boro-gorosthan, Beribad Area, Oyazipara, Rajakhali and Chaktai. The upstream end point, its top width and depth are about 5.85 and 1.11 m, respectively. At the downstream end point of the canal with the Karnafully River, its top width and depth are about 15.35 and 4.54 m, respectively. Nevertheless, it is the major sewage drainage canal of the city and carries at least 18 % wastes and sewage of the city (Ahmed 1995) .
Sample collection and analysis
The investigation was carried out in the municipal sewage drainage canal named Rajakhali of Chittagong metropolitan area. A total of 8 samples were collected in this canal system. (Table 1 ). The water and soil samples were collected from dry (February) and rainy (December) seasons in 2011. For water, soil and sewage samples were collected in glass bottles, polythene bag and BOD bottles. Sewage samples were collected for determining DO. They were placed in a wooden box to avoid direct sunlight, and sewage, water and soil samples were transported to the laboratory for further analysis. All samples were kept at 4°C in a refrigerator before analysis (WHO and UNEP 1990) . The water temperature was measured with a mercury thermometer; water pH by a pen pH meter, dissolved oxygen by Winkler method (Barnes 1959 ) and salinity of water by a hand refractometer in field. The average monthly rainfall data are shown in Fig. 2 . Total dissolved solids (TDS) and total suspended solids (TSS) were measured by the method described in APHA (1995), alkalinity was measured by a method described by Suess (1982) , total hardness was measured by a standard method (APHA 1995) and carbon dioxide was measured by the titrimetric method (De Cura et al. 1996) . Unionized ammonia was determined by the phenol hypochloride method (APHA 1995) , and nitrite-nitrogen (NO 2 -N), phosphate-phosphorous (PO 4 -P) and sulfate-sulfur (SO 4 -S) were determined by the ultraviolet Characteristics of the study area 1 One Situated at the mouth of the canal where the canal and the Karnaphuli River are mixed together Two Situated 150 ft upstream from the first sampling station where a small drain falls into the canal which flows from a garment factory. The total effluents of the canal and the garbage of the garment factory mix at this point Three Situated about 550 ft upstream from the first sampling station. This is a highly polluted area Four Situated 500 ft upstream from the first sampling station is discharged from a portion of the Chittagong City area Five Situated about 900 ft upstream than Station 1 inhabited by more human effluents Six Situated 900 ft upstream from the 1 st station and very close to a downtown market, Kalamia Bazar. All types of garbage, greases and other dirty substances fall into the canal. This station is the meeting place between the Raja Canali Canal and Beribad Sub-Canal Seven Situated 1200 ft upstream from the first sampling station. There is a sub-canal named Boro-Gorosthan Canal which mixes with the Rajacanali Canal. Another canal named Oyazipara also mixes with this canal. The surrounding area of the sampling stations consists mainly of agricultural land and also human residences. Here, the effluents come from the upward area of the city and also mix with agricultural and human pollutants and dust particles spectrophotometric method (APHA 1995) . Soil pH of water was determined by digital soil pH meter, soil texture was analyzed by the formula described by Boyd and Tucker (1992) , soil salinity was measured by the formula described by Richard (1954) and soil alkalinity method described by Boyd and Pippopinyo (1994) . The organic matter of the soil was determined by a method described by Jackson (1958) . On the other hand, total nitrogen (N 2 ) or organic nitrogen (N 2 ) was determined by micro Kjeldahl digestion and distillation procedure (Strickland and Parsons 1968) . Standards and blanks were run frequently to check the accuracy of the procedures. Care was taken to avoid handling errors. Few samples were repeated to check concordant readings. All the chemicals used were of analytical grade and procured from Merck. The accuracy of analytical experiments was determined by calculating the ionic balance error, which was generally within ±5 %. The accuracy of the soil analytical method was examined by the standard reference material MAG-1 (marine mud from the United States Geological Survey).
Results and discussion
Seasonal variation of water parameters
Throughout the study period, the maximum concentration of physico-chemical parameters in water were observed in the dry season except DO, TH, NO 2 -N and PO 4 -P. In the present study, water temperature of the studied area varied from 27 to 33°C during the dry season and from 26 to 29.25°C during the rainy season (Fig. 3 ). Water pH was from 8.1 to 8.8 during the dry season and from 6.5 to 7.7 during the rainy season (Fig. 4) . The maximum value of water temperature was 33°C in Station 7 during the dry season and the minimum value was 26°C in Stations 1, 2 and 4 during the rainy season. The difference between maximum and minimum water temperature was higher in the present study than in the previous year observed by Hossain (1992) . Water temperature increases in a stream, and DO decreases due to the lower solubility of oxygen at higher temperatures (Klein 1962) . Remani et al. (1983) and Chandran and Ramamoorthi (1984) mentioned that the temperature fluctuation was a seasonal phenomenon resulting from the monsoonal effect. The highest value of pH was recorded as 8.8 in Stations 7 and 8 during the dry season. On the other hand, the lowest value was 6.5 in Stations 1 and 2 during the rainy season, respectively. The value of pH in the discharged area showed a slightly acidic nature. This study showed that the water pH of eight sampling stations was changed from 6.5 to 8.8. This indicates that the effluent of industrial and municipal waste materials had a significant role in increasing or decreasing pH of the adjacent water body where the waste materials were dumped (Moore 1972; Bhouyan 1979; Mahmood et al. 1992) . During the dry season, dissolved oxygen varied from 0 to 9.7 mg/L (Fig. 5 ), but during rainy season from 20 to 56 mg/L. The salinity values varied from 0.2 to 1 ppt in both seasons (Fig. 6) . The low DO of effluent and effluent discharged area might be due to high content of total suspended solids and total dissolved solids, which utilized the significant amount of DO for bio-chemical degradation. The higher value of DO may be due to large amount of wastes discharged by the sewage system in both seasons (Hossain 1992) . During the dry season, salinity was found to be higher than that of the rainy season. This exhibits the large amount of fresh water discharge from monsoonal rainfall. Total hardness of the eight sampling stations fluctuated between 36.30 and 88.9 mg/L (Fig. 7) . The highest value of 88.9 mg/L was found in Station 4 during the rainy season. On the other hand, the lowest value was 36.30 mg/L in Station 6 during the dry season. This may be due to the presence of different types of total salts discharged from industries and domestic sewage garbage (Sapon 1993; Hossain 1992) . Total dissolved solids of the eight sampling stations fluctuated between 334 and 951 mg/L (Fig. 8) . The cause of the highest and lowest values of TDS in the discharged area is due to proper and improper dilution of effluents and wastes. Moore (1972) also stated that TDS in water contained chiefly ammonia, nitrite, nitrate, phosphate, alkali, etc. The highest value of alkalinity ( Fig. 9 ) was found to be 270 mg/L in Station 7 during the dry season and the lowest value was 78 mg/L in Station 6 during the rainy season due to municipal waste disposal and oil pollution (Thomas and Lynch 1960) . This similar observation was made by Mahmood et al. (1992) and Paul (1981) who reported that oil pollution in the Karnaphuli River was responsible for increasing the total alkalinity of this river and its tributaries. The high and low value of free carbon dioxide ranged from 18.78 to 87.12 mg/L in rainy and dry seasons, respectively (Fig. 10) . According to the Department of Environment (DOE 1993), the standard value of CO 2 in the water body is 6 mg/L. Carbon dioxide is a normal component of all natural waters. It dissolves in water in varying amounts, and the dissolution depends on the temperature, pressure and mineral content of the water. Polluted waters acquire carbon dioxide by the biological oxidation of organic matter (Rashid 1996) . Sulfate-sulfur (SO 4 -S, varied from 0.86 to 3.60 mg/L in rainy and dry seasons, respectively (Fig. 11) . Sulfate-sulfur was mostly related with soil and water pH and other wastes. After submergence, the pH of acid sulfate soils gradually increased due to reduction and inactivation of SO 4 -S through microbial activity in both seasons (Smith 1998) . This reduction rate depends on the presence of sulfur-reducing bacteria, the pH of the system, energy source (such as organic matter), etc. (Paul 1981) . As SO 4 is reduced, the pH rises. However, the change is not instantaneous and several weeks of submergence may be Fig. 9 Total alkalinity variation of both the dry and rainy seasons at eight sampling stations needed to increase the pH. From statistical analysis, it is found that water temperature is positively correlated with pH, salinity, alkalinity and SO 4 -S during the present study and negatively correlated with total hardness and DO (0.01 level). It is also supported that all the parameters are strongly correlated with each other in all stations and seasons ( Table 2) . Nitrite-nitrogen (NO 2 -N, Fig. 12) ranged from 0.22 to 0.40 mg/L in the dry and rainy seasons, respectively. The concentration of nitrite was generally found to be much lower than that of the nitrate. It did not show any regular pattern of seasonal variation like nitrate. Although nitrite-nitrogen had a seasonal variation in the present investigation, an abrupt rise in concentration was found in both periods due to industrial and municipal wastes (Nair and Gonapathi 1983; Verlencar 1987) . Phosphate-phosphorous (PO 4 -P) of the eight sampling stations fluctuated between 0.045 and 0.915 mg/L (Fig. 13) . The higher value might be due to the addition of effluent, rich in phosphate content, and bio-degradation of human wastes and organic matter. On the other hand, it was also observed that DO was completely zero at stations with anaerobic condition. When this sewage was discharged into river water, it caused different types of water-borne diseases, because of bearing pathogenic bacteria. The concentrations of these parameters were from a common source of origin and might be due to the high amount of dissolved ions in this canal.
Seasonal variation of soil parameters
A maximum concentration of physico-chemical parameters were observed in the dry season compared to the rainy season except for sand. Soil pH was recorded as 7.0 at Stations 1 and 2 during the rainy season, and the minimum value observed was 6.7 at Stations 1, 2 and 7 in the dry season (Fig. 14) . With regard to the relationship of pH to percent base saturation, the pH is normally highest in hydrous oxide clay materials, intermediate in kaolinite and humus, and lowest in minerals. Obviously, the type of clay definitely affects the pH base saturation percentage relationship. The higher the exchange capacity of the sediment, the greater is the buffer capacity (Farhadinejad et al. 2014 ), but other factors are equal. Thus, the higher the clay and organic matter contents, the more is the lime required for a given change in the sediment pH (Barua and Zamal 2011) . Organic matter percentage ranged from 2.18 to 5.77 % during the rainy and dry seasons, respectively (Fig. 15) . The fine texture of the soil in this environment also represents the accumulation of organic matter. This resulted from very low rates of decomposition due to consistent anaerobic condition created by the almost permanent saturation with water (Farhadinejad et al. 2014) . High organic matter content poses threat to the depletion of DO in water (Boyd 1990 ). Sand particles fluctuated from 67.88 to 81.37 % (Fig. 16 ). So this may be due to the rainfall effect, flocculation and coagulation process. The highest value of 81.37 was found in Station 4 during the rainy season, and the lowest value was 67.88 in Station 6 during the dry season. The sands group includes all soils in which the sand separates make up at least 70 % and the clay separate 15 % or class of the material by weight. The properties of such Water Sci (2017 ) 7:997-1010 1005 soils are therefore characteristically those of sand in contrast to stickier nature of clays. Clay separate (Fig. 17) ranged from 17.59 to 28.71 % in the rainy and dry seasons, respectively. To be designated clayey, the soil must contain at least 35 % of clay separate and in most cases not less than 40 %. In such soils, the characteristics of the clay separate are distinctly dominant, and the class names are clay and silt clay. Sandy clays may contain more sand than clay. The percentage of silt (Fig. 18) varied from 1.04 to 4.36 % in both seasons. There was a considerable variation in the soil parameters not only among the canals, but also between spots of the same canal. This should emphasize that the canal bottoms were uneven in soil quality. This variation could have been created by sedimentation processes during the past sewage swamp system (Rahman 1992; Barua and Zamal 2011; Venkatramanan et al. 2013a , Hossain et al. 2014) . Scientific studies have shown that the heavy metal concentration is controlled mainly by the textural composition of the sample, i.e., fine-grained sediments register higher concentrations of trace metals than sand-dominant sediments (Hossain et al. 2014; Dar 2014; Venkatramanan et al. 2014a, b; Machender et al. 2014; Rajganapathi et al. 2013) . This information has wideranging implications from the environmental perspective as these contaminants get dispersed and find their way into the food web of the aquatic ecosystems. In the present investigation, experimental soils were rather poor in total nitrogen (organic nitrogen) (Fig. 19) in comparison to the organic matter content. The probable high C/N ratios may inhibit the decomposition of organic matter. This shows the characteristics of the peat layers. A high organic matter poor in nitrogen is also conducive to reduction processes. These concentrations may be reflected from anthropogenic influences. Phosphorus concentration was not very low, being above 24 ppm (Fig. 20) . In acid sulfate soils, low available phosphorous resulted because of low solubility in acid reaction, insolubilization or fixation by Fe, Al and Mn and low release from organic matter. In some acid sulfate fish ponds, the addition of phosphate fertilizer has been found to be ineffective because of the fixation of added phosphorous in the form of irreversible iron and aluminum phosphate (Poernomo and Singh 1982) . In alkaline condition, on the other hand, colloidal materials in mud and organic matter may inactivate phosphorus (Watts 1980) . From statistical analysis, it was found that soil pH was positively correlated with organic nitrogen (0.01 level) and organic matter significantly correlated with soil texture (0.05 level) (Table 3) .
Conclusion
The present research showed that the statistical analysis of physico-chemical parameters in water and soil was helpful to elucidate the pollution sources of the Rajakhali Canal. A maximum concentration of physico-chemical parameters of water and soil was observed in the dry season rather than rainy season, except for DO, TH, NO 2 -N, PO 4 -P and sand in water and sediment, respectively. The higher concentration of nutrients in water and soil suggested that the effluents were derived from industrial, domestic and irrigation fields. Statistical analysis also supported that water and soil parameters were strongly correlated (1-tailed 0.05 level and 0.01 level significant) each other for controlling the Rajakhali Canal system. The present study on water and soil revealed that the surrounding areas were polluted and harmful for eco-aquatic life. To protect this vital estuarine region, the government agencies, private agencies and scientists should work together with proper attention. Further investigations are in progress to determine the level and sources of contamination using another technique. 
